Objective: Hospital readmissions after surgical operations are preventable and are now counted as a quality metric. Patients with peripheral arterial disease often have several serious medical comorbidities. With advancements in endovascular technology and increasing comfort level of vascular surgeons, more and more patients with peripheral arterial disease are being treated with endovascular therapy. Most of these interventions are done as same-day operations. This study retrospectively reviewed the factors associated with hospital readmission after lower extremity endovascular interventions.
Since the recognition of medical errors as a significant cause of morbidity and mortality, 1 there has been an increasing public interest 2 in identifying factors that can predict worse outcomes. Hospital readmission after a surgical operation is considered to be reflective of poor-quality health care and contributes to increased health care costs. The Centers for Medicare and Medicaid
Services consider 30-day readmission to be a surrogate of health care quality. 3 Reducing hospital readmissions has been proposed as a measure to improve quality and reduce health care costs. 4 Vascular surgery patients have the third highest readmission rate (24%) among all medical and surgical patients, only to follow heart failure (26%) and psychosis (25%). 4 Patients with peripheral arterial disease (PAD) represent a cohort of patients with multiple, serious medical comorbidities, and reasons for readmission after surgical intervention may be multifactorial. There is no strong evidence 5, 6 to support the use of readmission as a quality measure in complex, multidisciplinary care of such patients. However, unplanned return to the operating room is considered a major postoperative complication and potentially preventable. Many administrative data sets and the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) keep a track of unplanned return to the operating room. Our group 7 previously showed that unplanned return to the operating room after open surgical bypass for PAD is associated with a significant increase in the risk of readmission.
In recent years, the number of endovascular interventions for lower extremity PAD has surpassed the open bypass as the most common procedure performed for PAD. 8 The purpose of this study was to identify the preoperative, intraoperative, and postoperative factors associated with increased risk of readmission among a cohort of patients with PAD who received endovascular treatment. Recognition of such risk factors may help identify the patients who may benefit from an early postoperative clinic visit or a phone call.
METHODS
Data set. The ACS-NSQIP Participant Use File 9 is a deidentified data set generated and operated by the ACS. By deleting all patient identifiers, ACS ensures compliance of this data set with the Health Insurance Portability and Accountability Act. Close to 800 participant academic and community hospitals in the United States participate in this registry, and the number of participant institutions is constantly increasing. Methods used to extract data from NSQIP database have been described in numerous publications. [10] [11] [12] [13] [14] NSQIP uses a systematic sampling method to collect the data. Surgical operations are divided into 8-day cycles. At each NSQIP site, the first 40 operations performed within each 8-day cycle that meet program inclusion criteria are entered in the database. The NSQIP program limits the number of cases per cycle for certain higher-volume and lower-risk operations to ensure heterogeneity and fair representation of cases. At each participating site, a specially trained clinical registered nurse is assigned for data collection. Annual audits of NSQIP database show <1.5% disagreements and show it to be a highly reliable data source. 12 Patients with incomplete 30-day outcomes are excluded from the database. Because there are no patient identifiers in NSQIP database, no Institutional Review Board approval or patient consent was required for our study.
Patients. All patients who underwent any lower extremity endovascular revascularization procedure at the sites participating in ACS-NSQIP during the year 2013 were identified using the Procedure Targeted Participant User File 9 from the NSQIP database. Unique case identification numbers were used to merge this file to the main ACS-NSQIP adult Participant Use Data File. Any patient who presented with revascularization of bilateral limbs in the same calendar year was deleted from the data set.
Outcomes. (Table I) .
Definition. Only unplanned readmissions were included in this study. This was defined as any unplanned readmission (to the same or another hospital) for a postoperative occurrence likely related to the principal surgical procedure #30 days of the procedure. Return to the operating room is defined as "an unplanned return to the operating room for a surgical procedure related to either the index or concurrent procedure performed." This return must be within the 30-day postoperative period. The return to the operating room may occur at any hospital or surgical facility (ie, index hospital or at another hospital). This definition is not meant to capture patients who go back to the operating room #30 days for a follow-up procedure based on the pathology results from the index or concurrent procedure (The NSQIP definitions are provided in the Appendix, online only).
Statistical analysis. All variables were initially summarized with frequencies and percentages or means, medians, and standard deviations. Binomial logistic regression was used to determine any bivariate associations of independent variables with 30-day readmission. Odds ratios (ORs) were used to quantify the magnitude and direction of any significant associations. The statistically significant (P < .05) independent variables from ARTICLE HIGHLIGHTS 
Recommendation:
The authors recommend patients and caregivers should be aware that unplanned return to the operating room is associated with an 8.3-fold increase in hospital readmission after endovascular treatment of peripheral arterial disease. the bivariate analysis along with demographic variables were then used in a process of stepwise selection to find the group of variables collectively that were most significantly associated with 30-day readmission in a multivariable logistic regression model. Before the multivariable analysis, the independent variables were checked for multicollinearity using variance inflation factor statistics. With so many variables and a large sample size, a more stringent entry criteria of P < .05 and a stay criteria of P < .05 were used for the stepwise process of variable selection to be more conservative. Forward and backward selection methods were also used to check for other potential models, but the three approaches resulted in similar reduced models. The fit of the final model was checked using the HosmerLemeshow goodness-of-fit test (P ¼ .8943). The C statistic (C ¼ 0.789) showed adequate prediction strength of the final model. All analyses were performed using SAS 9.4 software (SAS Institute, Inc, Cary, NC).
RESULTS
Demographics and preoperative comorbidities. In 2013, 1096 patients (61% men; 39% women) underwent lower extremity endovascular interventions. Mean age was 69.5 6 11.6 years. Among these patients, 147 (13.4%) were readmitted to the hospital #30 days after surgery. The distribution of readmitted patients during the course of time was week 1, 19%; week 2, 27%; week 3, 28%; and week 4, 26% (Fig) . The only significant finding was a strong association of nonsmoking with dependent functional status (nonsmokers constituted 11.5% of the functionally dependent cohort and 5% of functionally independent cohort; P < .0001).
Reasons for readmission. The reason for readmission could not be determined in 95.23% of the readmitted patients. Among the readmissions in which the cause of readmission could be determined, the most common causes of readmission were deep surgical site infection (2.04%), sepsis (1.36%), urinary tract infections (0.9%), and pneumonia (0.9%; Table III ).
Predicted probability of readmission. The probability of readmission was calculated for all of the factors identified to be significant in the multivariable analysis, alone or combined. The probability of readmission was 3.4% for patients with a BMI >30 kg/m 2 , 4.45% for patients who were nonsmokers, 6.63% for patients with a BMI of 25 to 30 kg/m 2 , 13% for patients with NIDDM, 14.8% for patients with dyspnea, 15.8% for patients with IDDM, 18.86% for patients with dependent functional status, 27.78% for those who required emergency surgery, 42.97% for patients who required unplanned return to the operating room, and 97.27% for patients who had normal BMI, no smoking, IDDM, dyspnea, dependent functional status, emergency surgery, and unplanned return to the operating room (Table IV) .
DISCUSSION
Readmission to the hospital after a surgical operation is considered preventable and may reflect a lost opportunity to provide excellent medical care. Patients with significant PAD often represent a cohort with advanced, poorly controlled medical diseases. Traditionally, open surgical bypass was the only surgical treatment available for these patients. Minimally invasive, endovascular procedures have now largely replaced open revascularization operations, and the number of endovascular interventions for lower extremity PAD continues to increase. 8 Endovascular interventions for lower extremity PAD are considered minimally invasive, can be performed under local anesthetic, are associated with reduced operative The 30-day readmission rates among patients undergoing lower extremity endovascular interventions were 19% #1 week after discharge, 46% #2 weeks after discharge, 74% #3 weeks after discharge, and 100% #4 weeks after discharge from the hospital.
times, and the latest evidence shows that most of these procedures can be performed safely in an outpatient setting. 15 Postoperative complications requiring readmission to the hospital can be considered preventable. Our data specifically aimed to determine risk factors associated with a high risk for readmission after lower extremity endovascular interventions. This study shows that the incidence of readmission after lower extremity endovascular intervention is 13%. Given the minimally invasive nature of this procedure, this number can be considered significant. This study identifies several factors associated with risk of readmission: nonsmoking status, NIDDM, dyspnea, IDDM, high BMI range, dependent functional status, need for an emergency operation, and unplanned return to the operating room.
Postoperative complications have been shown to be associated with increased risk of readmission after general surgery operations. 16 Multivariable analysis identifies unplanned return to be the biggest factor (OR, 8.3) associated with readmission. Unplanned return to operating room is generally indicative of a postoperative complication, and hence represents an area of improvement. Patients at high risk for readmission can be identified and potentially brought to the clinic in the early postoperative period to prevent potential postoperative complications. Unplanned return to the operating room is associated with a 13% risk of readmission, and when combined with other risk factors, such as emergency operation, dependent functional status, IDDM, and dyspnea, the probability of readmission can be as high as 97%.
Since the introduction of Hospital Prospective Payment System in the 1980s, hospitals have increasingly focused on reducing the hospital length of stay to reduce the overall cost of medical care. During the 1990s, hospital length of stay for Medicare patients with heart failure was reduced by 25%. 17 Unfortunately, this was accompanied by an equal rise in the readmission rates. It is possible that the drive to reduce hospital length of stay may increase the readmission rates for patients with multiple medical comorbidities. From 1976 to 2003, hospital readmissions increased from 23% to 31%, 4 leading the Centers for Medicare and Medicaid Services to start using readmission as a quality metric of health care. It now publishes 30-day readmission data for select medical diagnoses. Section 3025 of the Patient Protection and Affordable Care Act, passed in 2010, puts the onus on the hospitals for all 30-day readmissions. 18 An institution's observed vs expected readmission rate is suggested as a surrogate to determine its reimbursements. Project RED (Re-Engineered Discharge), initiated by the Agency for Healthcare Research and Quality, 19 is aimed at focusing on re-engineering the discharge process, with special emphasis on patient education to reduce the hospital readmissions. The changing scope of health care in United States with diminishing reimbursements has put an increased focus on identifying the risk factors associated with increased readmission rates and preventing readmissions. 20, 21 Unlike medical readmissions, where most of the readmissions are a result of acute or chronic conditions, which may or may not be related to the care provided during the index hospital admission, surgical readmissions are most commonly related to postoperative complications and, hence, can be potentially preventable. 22 Because 23 That these patients are at a high risk for developing postoperative complications is not surprising. Our group previously showed that the incidence of readmission for patients with PAD who undergo open revascularization is 16%. 7 Despite the minimally invasive nature of endovascular interventions, the incidence of readmissions after such interventions is not dramatically different from open surgical bypass. It suggests that the nature of PAD has a significant role to play in the development of postoperative complications that necessitate readmission to the hospital. This hypothesis is strengthened by the findings that the incidence of readmission after endovascular interventions among patients with critical limb ischemia and tissue loss is almost threefold higher than patients who have claudication. Our previous analyses of lower extremity bypass operations for PAD showed that critical limb ischemia patients have almost twice the risk of readmission compared with patients with claudication. 7 Our current study strengthens the hypothesis that the severity of atherosclerosis burden plays a direct role in the development of postoperative complications and subsequent readmissions. Both of these studies clearly identify patients with critical limb ischemia to be a cohort of patients whose discharge planning needs careful attention and who may benefit from an early postoperative clinic visit or a phone call. Patients with PAD with any of these risk factors may benefit from a preoperative anesthesia evaluation and risk factor optimization. Any operation is a physiologic stress for human body, and our study identifies high ASA scores, presence of high-risk physiologic factors, and longer operative times to be significantly associated with a higher risk of readmission. Interestingly, our previous analysis of open vascular surgery bypasses 7 identified the same factors to be associated with an increased incidence of readmissions. Once again, open vascular bypass operations and endovascular interventions on PAD patients with these risk factors are both associated with an increased risk of readmission. Patients with high ASA scores and presence of high-risk physiologic factors very likely represent a cohort of patients with severe systemic disease and may benefit from risk factor optimization. Postoperative factors associated with high risk of readmission include unplanned return to the operating room, postoperative acute renal failure, unplanned intubation, and sepsis. Interestingly, our analysis shows that nonsmokers have 1.94-fold higher risk of 30-day readmission compared with smokers. In general, the risk of postoperative complications among smokers is significantly higher than the risk of complications among nonsmokers. We are uncertain why smoking would be protective against readmissions. As outlined in the Results, the only possible explanation is the high association of nonsmokers with dependent functional status. 
BMI, Body mass index; IDDM, insulin-dependent diabetes mellitus; NIDDM, noninsulin-dependent diabetes mellitus; OR, operating room.
We can only speculate that these patients were previous smokers who were functionally dependent now and, hence, could no longer smoke. We advise extreme caution while interpreting the difference in readmission between smokers and nonsmokers. Unplanned return to the operating room was associated with an eightfold increase in readmission. Our previous study of open surgical bypasses 7 identified unplanned return to the operating room to be associated with sixfold increase in readmission. Other studies of lower extremity bypass operations have similar findings as well. 21 Unplanned return to the operating room is usually required to treat a postoperative complication and, hence, is potentially preventable. Unfortunately, the NSQIP database does not provide the intraoperative findings at the time of reoperation. Studies of general surgery patients 25, 26 show that most of the unplanned returns to the operating room are related to technical failures during the index operation. We advise extreme caution in interpreting the results of this study, because return to the operating room may not necessarily reflect poor quality of surgical care. On the one hand, for example, an aggressive surgeon may choose to drain an access site hematoma by re-exploration of the groin wound, which may count as an unplanned reoperation. On the other hand, drainage of a large-sized access site hematoma may actually reduce the recovery time for the patient and may help with early mobilization and less discomfort. Among the limitations of this study are the retrospective nature of the analysis and that the data are limited to only those hospitals that are enrolled in NSQIP. The data set records only those complications that occur #30 days of the index operation and lacks the findings during the unplanned return to the operating room.
Strengths of this study include analysis of the largest and most comprehensive surgical database. Previous studies of NSQIP database have shown reliable and reproducible results. It is a national database and includes both community and academic medical centers.
CONCLUSIONS
The changing horizon of health care reimbursements has brought preventable surgical complications into the limelight. Surgical readmissions are considered preventable, and unplanned return to operating room represents an area for quality improvement. Patients with PAD have several serious comorbidities and are at a high risk for developing postoperative complications. Our previous group showed that the risk of unplanned return to the operating room after lower extremity bypass surgery is high and is considered an important risk factor for readmission to hospital. Our current analysis identifies that risk of readmission after minimally invasive endovascular intervention for PAD is almost equivalent to open bypass surgery and is significantly affected by the return to the operating room. We believe that both of these studies should be considered together in the context of severity of baseline PAD in predicting the risk of readmission. Although the minimally invasive endovascular surgery for severe PAD has reduced the hospital and intensive care unit lengths of stay, our analyses show that the risk of unplanned readmission and return to the operating room are not significantly different after endovascular interventions or open bypass surgery. 
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